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RedlicheKister polynomial equation. These results have been explained on the basis of the intermolecular interactions present in
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Ultrasonic velocity investigations in liquid mixtures
find eminent applications in characterizing physico-
chemical behaviour [1,2]. The non-ideal behaviour is
studied by Tumikoski and Nurmi [3], Fort and Moore
[4,5], Flory and co-worker [6,7], Raman and Naidu [8]
and Nigam et al. [9]. Though a considerable number of
recent investigations [10e14] on ultrasonic velocities
and related parameters in various liquid mixtures with
variation of composition and temperature are available
but still a lot more work needs be done. The temper-
ature dependence of the parameters give an important
information about the molecular interaction between* Corresponding author.
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the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/the components of the liquid mixtures. The deviation
from the law of additivity in the excess values of pa-
rameters indicate the presence of interactions between
the constituents of liquid mixtures. The literature sur-
vey reveals that no work is done in binary liquid
mixture that comprises of acetophenone and n-butanol.
Acetophenone is an organic compound with the for-
mula C6H5C(O)CH3. It is a simplest aromatic ketone.
Acetophenone is a raw material for the synthesis of
some pharmaceuticals. Butanol is a primary alcohol
with 4 carbon structure with the molecular formula
C6H10O and is of chemical structure
CH3eCH2eCH2eCHOH. Butanol is a colourless,
flammable liquid with a sweet odour. It is useful in
chemical and textile processes. In the present study the
values and variations of excess thermo acoustical pa-
rameters like excess intermolecular freelength ðLEf Þ,n behalf of University of Kerbala. This is an open access article under
4.0/).
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of binary liquid mixtures containing n-butanol and
acetophenone at different temperatures.
T¼(303.15, 308.15, 313.15 and 318.15)K have been
reported.
2. Materials and methods
In the present investigation the chemicals used are
of AR grade and they are purified by standard proce-
dure [15]. The different concentrations of the liquid
mixture are prepared by varying mole fractions with
respect to Job's method of continuous variation. Stop-
pard conical flasks are used for preserving the prepared
mixtures and the flasks are left undisturbed to attain
thermal equilibrium. Ultrasonic pulse echo interfer-
ometer (Mittal enterprises, India; Model: F-80X) is
used for ultrasonic velocities measurements and all
these measurements are done at a fixed frequency of
3 MHz. The temperature of the pure liquids or liquid
mixtures is done by using temperature controlled water
bath by circulating water around the liquid cell which
is present in interferometer. Specific gravity bottle is
used for the measurement of densities of pure liquids
and liquid mixtures with an accuracy of þ or  0.5%.
An electronic weighing balance (Shimadzu AUY220,
Japan), with a precision of þ or  0.1 mg is used for
the measurements of mass of pure liquids or liquid
mixtures. Average of 4e5 measurements is taken for
each sample. Ostwald's viscometer is used for the
measurement of viscosity of pure liquids or liquid
mixtures. The time of flow of liquid in the viscometer
is measured with an electronic stopwatch with a pre-
cision of 0.01 s.
3. Theory
From the experimentally measured values of ultra-
sonic velocity, viscosity and density, the thermo-
acoustical parameters such as intermolecular free-
length (Lf), internal pressure (p) and their corre-
sponding excess thermo-acoustical parameters haveTable 1
The values of densities (r), ultrasonic velocities (u) and viscosities (h) of p
Liquids Density r(Kg.m3) Ultrasonic
Exp Lit Exp
Acetophenone 1014.1 1010.424 1452.90
n-Butanol 806.20 802.1025 1233.00
The values of excess thermo-acoustical parameters such as excess intermolec
(pЕ) for the above binary liquid mixtures at temperatures T ¼ (303.15,308.been calculated. Thermo-acoustical parameters have
been calculated by using the following equations
[16e18],
Lf ¼ kb1=2 m ð1Þ
p¼ bRT

Kh
U
1=2
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The corresponding excess thermo-acoustical pa-
rameters have been calculated by using the following
equations,
LEf ¼ Lf ðexpÞ 

X1Lf1 þX2Lf2

A ð3Þ
hE ¼ hexp  ðX1h1 þX2h2Þ Nsm2 ð4Þ
pE ¼ pexp  ðX1p1 þX2h2 þX3h3Þ Pa ð5Þ
The above excess parameters are fitted to the
following RedlicheKister equation
YE ¼ Yexp  ½X1Y1 þX2Y2 ð6Þ
4. Results and discussion
The excess thermo-acoustical parameters which
play a major role in understanding the nature of mo-
lecular interactions in liquid mixtures have been
studied by several workers [19e22]. The excess
thermo-acoustical parameters are defined as the dif-
ference between the experimental values and ideal
mixture values. They give a measure of the non-
ideality of the system as a consequence of associative
or of other interactions [23].The comparison of
experimental values of densities, ultrasonic velocities
and viscosities with the literature values is given in
Table 1.
The variation of excess intermolecular freelength
(Lf
E) with the molefraction of n-butanol ranging from
0 to 1 at different temperatures is as shown in Fig-1.
From Fig. 1, it is observed that the excess intermo-
lecular freelength values are negative for the entireure liquids with literature values at temperature T ¼ 308.15 K.
velocity U(m.s1) Viscosity h (m.Pa.S)
Lit Exp Lit
1454.424 1.3186 1.351024
1211.025 1.7769 1.864325
ular freelength (Lf
E), excess viscosity (hЕ) and excess internal pressure
15,313.15 and 318.15)K are given in Table 2.
Table 2
The values of excess thermo-acoustical parameters like excess intermolecular freelength (Lf
E), excess viscosity (hЕ) and excess internal pressure
(pЕ) in binary liquid mixture containing (acetophenone þ n-butanol) at temperatures T¼(303.15,308.15,313.15 and 318.15)K.
Molefraction (X) T ¼ 303.15 K T ¼ 308.15 K T ¼ 313.15 K T ¼ 318.15 K
Excess intermolecular freelength (Lf
E) (Å)
0.0000 0.0000 0.0000 0.0000 0.0000
0.1239 0.4700 0.4200 0.3700 0.3200
0.2415 0.7300 0.6800 0.6300 0.6100
0.3532 1.0800 1.0400 0.9500 0.8900
0.4596 1.0400 1.0100 0.9100 0.8500
0.5606 1.0200 0.9800 0.9000 0.8600
0.6570 0.9700 0.9100 0.8400 0.8000
0.7483 0.9900 0.9400 0.8500 0.7700
0.8364 0.9700 0.9200 0.8200 0.7700
0.9205 0.9900 0.9000 0.8100 0.6800
1.0000 0.0000 0.0000 0.0000 0.0000
Excess viscosity (hЕ) (m.Pa.s)
0.0000 0.0000 0.0000 0.0000 0.0000
0.1239 1.9773 2.2558 2.6045 2.8932
0.2415 1.0238 1.2428 1.4581 1.6763
0.3532 1.3682 1.5367 1.7061 1.9392
0.4596 1.8544 2.0973 2.2572 2.5000
0.5606 2.2077 2.4812 2.6422 2.8440
0.6570 1.6235 1.8760 2.0444 2.2874
0.7483 0.5635 0.7475 0.9244 1.1078
0.8364 0.6781 0.8578 0.9832 1.1020
0.9205 0.1364 0.1035 0.0771 0.0423
1.0000 0.0000 0.0000 0.0000 0.0000
Excess internal pressure (pЕ) (10¡5 Pa)
0.0000 0.0000 0.0000 0.0000 0.0000
0.1239 1.8800 2.7000 3.8000 4.6000
0.2415 1.0000 1.4000 2.0000 2.5220
0.3532 1.8800 2.2000 2.5000 2.9220
0.4596 1.6660 1.8890 2.0000 2.1000
0.5606 2.3000 2.5000 2.6890 2.8990
0.6570 1.8000 1.9980 2.1870 2.4110
0.7483 0.2400 0.4500 0.7900 0.9800
0.8364 0.7880 0.6560 0.4340 0.3210
0.9205 0.4560 0.3440 0.2340 0.1230
1.0000 0.0000 0.0000 0.0000 0.0000
The variations of these excess thermo-acoustical parameters with respect to the molefraction of n-butanol at temperatures T¼(303.15,308.15,313.15
and 318.15)K are represented in the figures from Figs. 1e3.
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Fig. 1. Variations of excess intermolecular freelength with mole-
fraction of n-butanol.
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phenone rich regions and n-butanol rich regions
intramolecular interaction dominates the intermolec-
ular interactions where as at the moderate level of
concentration regions intermolecular interaction dom-
inates the intramolecular interactions. The negative
values of excess intermolecular freelength suggest that
there exist strong interactions between the components
of liquid mixture [26] which is supported by Kerr
effect.
Fig. 2 represents the variation of excess viscosi-
ty(hЕ) with the molefraction of n-butanol. Negative
variations from 0 to 0.9 molefraction range, and
Fig. 2. Variations of excess viscosity with molefraction of n-butanol.
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Fig. 3. Variations of excess internal pressure with molefraction of n-
butanol.
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The negative variations, confirm that there exist
dispersion and dipolar forces in the components of
liquid mixtures [27].
The variation of excess internal pressure with
respect to the molefraction of n-butanol ranging from
0 to 1 at different temperatures is as shown in Fig. 3.
The negative variations are observed in Fig. 3 from the
molefraction range of 0e0.9 and positive variations
from 0.9 to 1. The negative variations in excess internal
pressure suggest that there exist strong interactions
between the components of liquid mixture [2] and in-
teractions become weak with the increase of mole-
fraction of n-butanol.
5. Conclusions
Density, ultrasonic velocity and viscosity values are
measured at different temperatures, by using these
values the excess thermo-acoustical parameters such as
excess intermolecular freelength (Lf
E), excess viscosity
(hЕ) and excess internal pressure (pЕ) are calculated inbinary liquid mixture containing acetophenone and n-
butanol over the entire molefraction range. It is
observed that there exist specific strong molecular in-
teractions between the components of the liquid mix-
tures studied.
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